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assess alternative supply strategies that could have an impact on 
Inventory Manesement Policy. 
The stated objectives tere accomplished by examining 


historical data associated with the present supply chain and using 


(oth 


this data as part of the formulation of a static inventory optimization 
model. In addition, the static model was tested under conditions of 
rising prices over time. Lastly, the world demand and sunply o 
Phosphate Rock were reviewed to ascertain the potential for 
alternative supply strategies. 

The study disclosed several important findings which will 
affect future inventory management policies and the negotiation of 
future contracts. 

1. The risk and oonortunities associated with various 


inventory management strategies can be cuantifile 


iad) 


and as &@ consequence a practicel mathematical model can 


be used as a tool in inventory management decisions. 


2, The costs associated with current inventory management 
policies are not explicit insofar as a stevardship 
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function is concerned. The costs associated with 
current policies are shown to be high thus emphasizing 
the need for cost accountability and explicit decision 
rules. 

Further refinement of the model could be carried out 
to tie it directly to market forecasts but such a 


refinement is probably unwarranted due to the relative 


insensitivity of the model to market changes. 
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The Problem 


Itd., owns and operates a fertilizer plant near Redwater, Alberta. 
One of the raw materials used in the process is Fhosphate Rock which 
is currently imported from Florida, U.S.A. I+ has been and remains 


* 


the practice of the fertilizer plant to maintain relatively large 
inventories of this material to minimize the risk of a "run out" 
position and consequent plant shut~dom and loss of profit. Judge- 
ment, knowledge of the security of supply based on past experience, 
relative inflexibility of the eee aes and cost considerations 
have dictated the level of supply that was to be maintained. 

The impetus for the study arose simply as a result of observance 
of Phosphate Rock inventory levels at Beamer and at Neptune Terminals. 
™hese are summarized in TARLF 17. 

Phosphate Rock inventory levels have reached very high levels 
thus potentially providing a large incentive to develop an 
optimization model. e.g. A reduction in inventory levels of only 
10,000 short tons would result in an annual saving of more than 
$50,000 in carrying costs based on a cost of capital of 12% and 
a Phosphate Rock cost of t).)./short ton (FOB Beamer). 

In order to assess the appropriateness of the current strategy 
it is necessary to review in detail the past performance of the 
supply chain, the current and predicted raw material supply, the 
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; * ee 2 ahead farhil teen Oe 
current and predicted market demand for finished fertilizer products 
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and the present and future contractual oblivzations. In addition, a 
review of supply stewardship and inventory cost accountability may 


be in order, 


The objectives of the thesis are three-fold: 

1) To provide a basis for determining optimum inventory levels 
given the existing contractual arrangements and supply chain 
at any point in time. 

2) To assess the viability of such an inventory management 

stratesy as opposed to alternative strategies given a 


changing price structure for the raw material iee. Is the 


aforementioned strategy appropriate over time? 


To review alternative raw material supply strategies in light 


wo 
ed 


of an inventory optimization policy as well as the attendant 


considerations of cost, quality and security of supply. 


The Reasons 


It is appropriate to develop a strategy for optimization of 


inventory levels under current conditions since the constraints and 


inflexibilities associated with the present contracts for supply, 


shipment and handling of the raw material will always exist to some 
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Analys present 


degree with any supply arrangements. 


s therefore extremely important as such an analysis coulc 
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impact on the negotiation of future contracts. 


The increase or decrease of Phosphate Rock prices relative to 
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the cost of capital definitely impact on the appropriateness of any 


strategy over time. It is therefore necessary to assess the supply/ 
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Lt the end of any contractual period the opnortunity exists to 
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end on June 30, 1977 so a review of alternative strategies is 
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particularly appropriate at thi 
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Topics of discussion include: Optimization of Inventory Levels 
with Present Contractual Obligations, Assessment of the Static 
Optimization Model under Conditions of Changing Price, Alternative 


Strategies, General Considerations, Summary and Conclusions. 
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CHAPTER 1 
OPTIMIZATION OF INVENTORY LEVELS WITH 
PRESENT CONTRACTUAL OBLIGATIONS 


A. Background Data 


1% Supply Chain 


Figure 1 depicts the present supply chain. Contracts exist 
with two Phosphate Rock suppliers, Mobil Chemical Company Division of 
Mobil Oil Corporation and Swift Agricultural Chemicals Corporation. 
Both suppliers have mines in Florida, U.S.A. and are responsible for 
delivery of Phosphate Rock to Tampa, Florida as well as ship loading 
at Tampae Movement of Phosphate Rock from the mine sites to Tampa is 
by independent rail and is a distance of some fifty miles. The 
contracts between the two companies and Esso Chemical Canada are 
essentially identical with each company supplying 50% (+5%) of Esso 
Chemical Canada's requirements up to a maximum of 400,000 short tons 
in any contract year. (ise. up to a total maximum of 800,000 short tons) 

A contract exists between Star Shipping A/S and Esso Chemical 
Canada to move Phosphate Rock, by ship, from Tampa, Florida to 
Vancouver, British Columbia and unload the material at Neptune 
Terminals. No minimum amount of Phosphate Rock movement is stipulated 
but a maximum of 1,008,000 short tons is allowable in any contract 
year. Each ship carries approximately 28,000 short tonse 

A contract exists between Neptune Phosphate Terminals 
Limited and Esso Chemical Canada to receive and store Phosphate Rock 


received from Star Shipping A/S and load Canadian National Railway 


cars destined for Esso Chemical Canada's fertilizer plant upon request. 
Silos having a storage capacity of 60,000 short tons exist at Neptune 
Terminalse Neptune Terminals is prepared to receive and handle up to 
1,200 short tons/hour, twenty-four hours per day exclusive of Sundays 
and holidayse Esso Chemical Canada shall supply a minimum of 190,000 
short, orks Neptune Terminals in any contract year or be assessed 
penalties as agreed to in the contract. 
} A contract exists between Canadian National Railways and 

Esso Chemical Cansda to move Phosphate Rock, by rail, in: unit. trains 
of 85 to 101 cars, from Neptune Terminals at Vancouver, British 
Columbia to Esso Chemical Canada's fertilizer plant at Beamer, Alberta. 
Canadian National Railways guarantees to move a minimum of 816,000 
short tons in any contract yeare Fsso Chemical Canada shall supply a 
minimum of 71/,,000 short tons to Canadian National Railways in any 
contract year or be assessed penalties as agreed to in the contract. 

In summary, two suppliers supply Phosphate Rock from mines 
in Florida that is transported by independent rail to a port at Tampa, 
Florida. The Phosphate Rock is then moved by ship via the Panama 
Canal to Vancouver, British Columbia and subsequently moved by rail 
to Esso Chemical Canada's fertilizer plant at Beamer, Alberta. 

~ Fach contract is a five year contract and ends on June 30, 

19776 

— Each supplier will supply 50% (45%) of Esso Chemical 
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Canada's requirements up to a maximum of 1,00,000 short tons 
in any contract year (July 1 to June 30). No minimum amounts 
are specified although it is stated that Esso Chemical 

Canada will generally require between 225,000 short tons 

and 250,000 short tons from each supplier per contract year. 
- Normal "Force Majeure" clauses exist to protect both 
parties from penalties resulting from natural and umnatural 


calamities. 


Contract with Star Shipping 3 


- The contract is a two year contract that ends on June 30, 
19776 

~ The contract states that the normal amount of Phosphate 
Rock to be moved in any contract year (July 1 to June 30) 
will be between 784,000 and 1,908,000 short tons. The 
maximum quantity that may be shipped is 1,008,000 short tons 
in any contract yeare No minimum amount is specified. 

~ The main feature of this contract is the relatively 
elaborate procedure for scheduling ship movement. The basic 
requirement that is significant to this study is as follows: 
A schedule is prepared by Esso Chemical Canada, at least 
three months in advance of any contract year, for the coming 
contract yeare Star Shipping, upon acceptance of the 
schedule for the contract year, agrees to supply ships on 


the commencement dates (+10 days). However, Esso Chemical 


‘Canada has the right to change any commencement date by 
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Piving at least 45 days notice to Star Shipping. 

~ In the event that the Panama Canal passage is restricted 
for any means whatsoever either party will have the right 
to suspend the agreement. In the event that neither party 
elects to suspend the agreement vessels shall proceed to 
the discharge port by the most economical alternative route. 
Additional costs incurred will be borne by Esso Chemical 
Canada at rates specified in the contract. 

~ Vessel loading will be at minimum rates of 16,800 short 


tons per 2) hour day (Sundays and holidays included excepting 


Christmas, New Years, July th and Labour Day) commencing on 


the commencement date specified by 6 days of notice. Swift 
or Mobil will pay any penalties for any delays not associated 
with weather conditionse 

~ Normal "Force Majeure" clauses exist to protect both 


parties from penalties resulting from natural and unnatural 


calamities. 

Contract with Neptune Phosphate Terminals i 

~ This contract is a fifteen year contract that ends on 
June 1, 198). 

-~ Esso Chemical Canada shall supply to Neptune Terminals a 
minimum of 190,000 short tons in any accounting period until 
a total supply of 2,850,000 short tons has been achieved or 


be subject to penalties described in the contracte 


- Vessel unloading rates will be maintained up to 1,200 tons 
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per hour or demurrage costs will be borne by Neptune 
Terminals. (Sundays and holidays excluded) 

~ Neptune Terminals shall provide storage for up to 60,000 
short tons of Phosphate Rock and operate the dehumidifier 

in order to maintain the Phosphate Rock in a dry condition. 

~ Neptune Terminals shall operate its facilities as requested 
to accomplish the entire operation of loading, weighing and 
assembling 50 railway cars within the period of one Shour 
shift. 

- Esso Chemical Canada can at any time suspend this agreement 
by giving three month's notice in writing to Neptune Terminals 
provided the contract tonnage obligation of 2,850,000 short 
tons has been surpassed. 

- A normal "Force Majeure" clause exists to protect both 
parties from penalties resulting from natural and unnatural 
calamities. 

Contract with Canadian National Railways ? 
- This contract became effective on November 15, 19'7/, and 
ends on June 30, 1977+ 

~ Fsso Chemical Canada, through its agent Neptune Terminals 
must load 85 car trainloads in 2) hours or be subject to 
demurragee 

- Canadian National Railways guarantees a supply of eight 
unit trains of 85 cars each (100 short ton capacity) per 


month ieee 816,000 short tons per yeare This total can be 
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increased by negotiation by 100,000 short tons per year. 
~ Esso Chemical Canada guarantees a minimum supply of 
Phosphate Rock of 51,000 short tons per month and 71h ,OOO 
short tons per year. 
- A normal "Force Majeure" clause exists to protect both 
parties from penalties resulting from natural and unnatural 
calamitiese 
Contract Summary and Discussion 

Phosphate Rock requirements at the fertilizer plant will 
be between 400,000 and 800,000 short tons, the variation 
being largely dependent upon fertilizer market requirements. 
As a result it is apparent that all contracts allow for the 
maximum recuirements of Esso Chemical Canada (TABLE 1). The 
requirement of 2,850,000 short tons with Neptune Terminals 
has been surpassed so is no longer a consideration. There- 
fore only the Canadian National Railway Contract is of any 
concern in carrying out an inventory management policye ise. 
In times of a soft market it becomes necessary under the 
Canadian National Railway Contract to either build inventory 
or pay a penalty of $0.85 per short ton on contract 
underragese 

Another area of interest is the degree of inflexibility 
that exists with the contracts as a whole but particularly 
with the Star Shipping and Canadian National Railway 


Contractse In the case of the former a schedule for the 


ee VW cl 
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next contract year must be prepared and agreed to three 
months in advance of the contract year. Changes can then be 
made by Esso Chemical Canada to any voyage if 1.5 days notice 
is provided. However, desired schedule changes do not 
necessarily occur automatically. ise. Requests for additional 
tonnage would be dependent upon the availability of ships. 
Also, the intent of the schedule is to provide as even a 
flow of Phosphate Rock as possible. Disruptions (ice. 
cancellations) could result in lost revenue to Star Shipping 
and be detrimental to future requests. 

In the case of the Canadian National Railway Contract 
minimum rates are actually specified on a monthly as well 
as an annual basise This restriction mekes it difficult to 
adjust inventories dowmward rapidly without incurring 
penaltiese 

The last area of interest is the fact that all contracts 
end or can be terminated on June 30, 1977. 

In summary, the Contracts as they stand do not negate the 
possibility of Inventory Management. However, the system is 
relatively inflexible in any short term and thus places a 


fairly significant onus on marketing forecasts for fertilizer 


procuctse 
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B. Assessment of Historical Data 
As a first step in providing a data base for any mathemat= 
ical model it was felt to he necessary to quantify the risk associated 
with Phosphate Rock supply. The obvious data for this type of 
analysis is historical data. Two questions therefore had to be 
eoaered: | 
~ Was data available? 
~- If the data was available could it actually be considered 
to be suitable for predicting the future? 
le Data Availability 
Three types of historical data were found to be available 
and thought to be appropriate for this analysise 
- Ship scheduled arrival time at Tampa, Florida vs. planned 
arrival time. 
The contract calls for an agreed to arrival date +10 days. 
The ability of Star Shipping to meet the planned dates was 
deemed to be important. This information is summarized in 
TABLE 2. 
~ Elapsed time between the commencement of ship loading in 
Tampa, Florida and the completion of ship unloading in 
Vancouver, BeCe 
This information tends to capture a number of logistics 
operations but additional information exists to identify 


the cause of most delayse This information is summarized 


in TABLE 3. 
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~ Elapsed time between loading commencement of railway cars 
at Vancouver, BeCe and the completion of car unloading at 
Beamer, Alberta. 

This area was separated since the block movement was 
different from the previous movement (ieee 28,000 short ton 
ships vse 8,500 short ton unit ey and since the 
commencement of railway car loading was somewhat discretionary 
ieee Based upon inventory considerations in the Vancouver 
silos and at Beamer, Alberta and not necessarily completely 
on the arrival time of ships. This information is summarized 
in TABLE he 
Data Suitability 

In order to assess the suitability of the data in TABLES 
2, 3 and 4 it was necessary to assess the causes of abnormal 
deviations in the data and also to review each leg of the 
transportation chain to determine events that could in 
future periods have a significant abnormal effect on trip 
durationse The following observations are of interest: 

The data spans the entire history from December, 197h to 

mid 1976. This period includes two Christmas/New Year 
periods = periods often considered critical as a result of 
labor problems. Also, one major strike at Neptune Terminals 
is included in the data and a period of shortage of supply 


of Phosphate Rock. 
An examination of TABLES 2, 3 and 4 indicates that the 
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greatest degree of uncertainty is associated with the ship 
arrival times at Tampa relative to the planned arrival times. 
A review of the data for voyages 100 to 112 revealed that 
this period 
~ included a strike at Neptune Terminals 
- was a period when Phosphate Rock was in short supply 
~ was a time of ship congestion at Tampa. 
Ship schedules were thus modified intentionally to avoid 
high demurrage costse 
A further examination of TABLES 2, 3 and 4 indicates the 
low degree of variability in the longest leg of the trip. 
ie€s Tampa to Vancouver including ship loading and unloading. 
A more detailed review of this result, data not included, 
indicates that essentially all the variability was associated 
with ship unloading at Vancouvere 
A review of the data and union contracts etc. for each leg 
of the trip revealed the following: 
-~ The Seaboard Coast Line is the railway handling 
Phosphate Rock from the two Florida mines to the ships 
at Tampae The railroads' responsibilities include 
railroading, weighing and terminallinge No alternative 
rail line from the mines to Tampa existSe 
Three terminals are located at Tampae Rockport 
Terminal is a public terminal and the terminal through 


which E CG C Phosphate Rock is movede Two unions exist 
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at this terminal, the International Longshoremans 
Association (ILA) and the International Longshoremans 
Association Terminal (ILAT). Contracts with each union ~ 
have typically been three year contracts, the current 
ones expiring September 30, 1977. Strikes lasting as 
long as 90 days have occurred. 

Eastern Associated Terminal is a private terminal 
not used by the two Phosphate Rock supplierse It uses 
non-union labore 

International Minerals Corporation Terminal is not 
used for Phosphate Rocke 
- Star Shipping employees are nonunionized so no 
potential strike problems existe Steaming time from 
Tampa to Vancouver has been relatively invariant. Even 
if problems occurred at the Panama Canal it would be to 
the mutual benefit of both parties to agree to an 
alternative routee The additional steaming time would 
not be significant given even minimum levels of 
inventorye 

The agreement with Star Shipping is a backhaul 
arrangement and present demand for vessels is slack 
and predicted to remain so for some time. Star Shipping, 
therefore, has seldom had a problem meeting planned 
arrival dates at Tampa and will have no additional 


problems in the near futuree The numbers determined in 


foo 
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TABLE 2 thus do not represent real delays in arrival 
at Tampa but normally represent requests frome H6C G*to 
delay the arrival times of vessels. 
~ Stevedores and longshoremen at Neptune Terminals are 
unionized and both have annual contracts that expire on 
January 1. These unions are strong and have a history 
of strikes but it is worthwhile to recogmize that wages 
paid to these groups are a small percentage of the 
value of any cargo and that the economy of Canada would 
suffer tremendously with any extended strike and thus 
it is unlikely that a strike would be allowed to 
continue for a lengthy period of timee 
~ Canadian National Railways can and have had business 
interruptions due to slides and things of that nature 
but these events occur very seldom, can normally be 
remedied in fairly short order (a few days) and 
alternative railroading via the Canadian Pacific 
Railway will always provide some alleviation. 

The C.N.Re has to deal with some fifty unions that 
could disrupt business but as with Neptune Terminals 
it is unlikely that the Federal Government would allow 
any strike to carry on for an extended period of time. 

Car availability is always a factor but this is 
accounted for in the statistical data and as well the 


contract for unit trains has some advantage over 
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normal railroading. 

In summary, it is apparent that the data collected can be 
separated into two different classifications. First, voyages 
100 to 112 inclusive represent a period of turmoil caused by 
three factors — Phosphate Rock supply problems, a strike at 
Neptune Terminals and ship congestion at Tampae Second, 
voyages 113 to 132 inclusive (excluding voyage 131) represent 
what could be considered to be "normal" conditionse 

Further assessment will therefore be concerned with a 
rigorous analysis of the second classification to determine 
optimum inventory levels under "normal" conditions. An 
overall strategy is then proposed that is cognizant of the 


realities of the former classification. 


Data Assessment for "Normal" Conditions 


The assessment of the data falls into two areas; firstly, 
the specification of the probability distribution from which 
the sample was drawn and secondly, the quantification of the 


variability of the data. 


Goodness of Fit Test 


A review of the data and a knowledge of the actual 
situation indicated that the data was probably normally 
distributed. The following testing procedure was employed: 

Ho: Sample data (trip durations) are normally distributed 

with mean 4 = 38.7) days and standard deviation a= 


6.51 (see Appendix I and TABLE 5 for calculations of 
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De 3 te 
His Sample data (trip durations) come from some other 
distribution 


Test Statistic: ae S (Fant) 
fe 


Decision Rules: Accept Ho if x*< px 
Reqect, HOw, Xo > ee 

In order to test the data it was grouped into blocks of 
ten dayse Figure 2 summarizes the data in the form of a 
histograme TABLE 7 summarizes the details of the calculations 
employed in the testing proceduree From these calculations 
it is determined that I 3.015 which means that the null 
hypothesis is accepted at a level of significance of 0,01 
Coe jerer2), 
Confidence Intervals 

TABLE 8 summarizes the variability data for the trip 
durations from Tampa to Beamer. The important element to 
examine insofar as this analysis is concerned is the positive 
deviation from the meane ieee Ships are scheduled on a 
regular basis and on average an elapsed time of 38.7) days 
from the planned arrival date of the ship at Tampa until the 
unit trains are completely unloaded at Beamer. Therefore, 
the positive deviation from this mean value is the value 


that dictates the level of inventory that should be main- 


tained at RBeamere 


c) 


ea ee 
Kez Key Pout nts Relative to Data Assesement 


A number of points are worthy of further comment as 

they will be important in the subsecuent analysis. 
analysis of "Normal" conditions included all three 

vovage elements original liy identified. i.e. The trip 
labelled "Tampa ~ Beamer" is the time of travel based on 
the original planned arrival time of a ship at Tampa 
rather than the actual arrival time of a ship at Tampa. 
It is important to capture the arrival variance at Tampa- 
because it is shotwm to be significant and because it allows 
the subsequent model that is developed to be used on a 
planned basis. 
~ The mean trip time from Tampa to Reamer is calculated 
to be 38.7). dayse This figure obviously does not compare 
very well with the figure of 27 days obtained by summing 
the average time in FIGUPE 1. (2+17+2+1+4+1). 
A number of reasons exist to explain this discrepancy. 
First, the analysis used captures the time difference 
between actual and planned arrival times of ships at 
Tampae Second, the numbers used in FIGURE 1 are figures 
based on normally expected good times once any particular 
operation is initiated. Third, and most important, is 
that the last leg of the trip from Vancouver to Beamer is 
shown to require 5 days (). days + 1 day for unloading) in 


FIGURE 1. However, this is the time required to move only 


ro) 


euhe 
q 
' 
i 
' 
i 
i pS 
wr one 
mn * 
s 
wo! 
' 
J a - - 
A =, 
A * 
E 
= ae g . 
roe ‘a 


y ei 
ne = 
. 
, * Ny 
t 
5 
oe > 
= a 
tgs 
= i) 7 
» * 
é Pick 
— 272 
1 v9 ae - 
: m o'perit 


a 
~ | 
f | 
im i 
ia “ 
om 
: = ee 
, q + 0d 
* = “yf 
a rR ‘ 
7 
Pree. i “4 + 4 4h. 
= af . ae , n" 
FF ’ ) F ; - 
\ 
bts t pes 
¥ 
~ ore 
ee ew 
fe 
ug) < r 
20 ia a i * j 
m ; f Si rreis . 
= * 
be A P * 
* ~- ¥ J 
5 > e 
, 
r 
~ , ae 
wy? s . : 
Wed Me pe ac gS es a ca 
ra a \ 
‘ 
By % = <i « . * ree 
i 
r 1 
; 
a F < p se Af ie 
5 eye $ ; ' ‘ , 1 &) 
ok - : ~ E, 
ee ae 
;| 
date, a 3 ‘ ; 5 
-* 2 wa - ates 
: t 
\ 
Te 
i, Pine ih a at » * % => 
~s = ~ y wae, Swe ‘eA s rs 
* - = : 
; i ‘ i I 7 rs 7 
Bb Bidet ees i. Lie fn - wb 
fi “ ; . : 
it i e ° ak a r a ° 
: Peet rte vy wr Sopris ARG torte 
. ee ae — A , on A OTS WE he ores 
a : : , $ 7 q 7 y 
\ i rt 4 
i ui y 7 
os £ . F. 
‘ a nas 
ee 4, ¢ 
- ~ ee ; 
iY 
ot he, hols Ph “ oe 
. bie 0 - te Pat | 
i 
>> 
ce e * = a 
Dd a - ie | fe, 
“TET 7, See te a a 
v. ~ é 1?) pe To oa 
< ns 
4 r P. ~ a 
a pep Wun we C+ Gee ene t) 
eee ord a |g 


Srha Sukh. ehh, s) Sit 


7 ey : 


4 


one unit trein. Nearly four unit trains are required to 
transport the contents of any one ship from Vancouver to 
Beamer and this was the basis for the "Pseudo Voyage" 
originally identified in TAPBLE he 


- It is important to recognize that the subsecuent 


analysis (next section) is in no way dependent on the 


He 
Ai 


mean timés The variability of the trips is the important 
factor since the variability is essentially the measure 

of risk associated with any strategy. In this analysis 
the standard deviation is used. The three elements 

chosen previously were chosen in a purposeful way so that 
the total variation would be captured by any model that 
was developed. 

~ Jt can be argued that with the last leg of the trip 
(Vancouver to Beamer) we need only be concerned with the 
time recuired for the first train to arrive at Beamer as 
this is what will determine if a runout position will 
occur at Beamer. However, an analysis on this basis would 
be unacceptable for a number of reasons. First, as stated 
before only the trip variance is important and not the 
mean of the trip. Thus an analysis on the basis of single 
train movements would be concerned with the variance 
associated with those trips rather than the mean times. 
Second, using single trip times as a basis vould be 


since the variance associated with unit 
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ain scnecuiing woulc not be captured. Third, it is not 


possible to associate one particular unit train with a 


Neptune Terminals. 
he analysis used here of identifying a "Pseudo Voyage" 
is much more appropriate since the movement of four unit 


trains can more readily be associated with one particular 


travelling, unloading and scheduling are all captured in 


a single numcer, 


o 
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~ A review of the data in TABLE 6 is interesting since 
for independent random variables the following relationships 


pois! : 


(1) Mean (Xt ---+X, )=Mean(X, }+Mean(X,)+-- +--+ Mean(X,, ) 


(2) Variance(X,+X,+-~— +X, )=Variance(%, )+Varience(X,)+--- 


If the three elements were independent the mean and 
standard deviation for the sum (Tampa — Beamer) would be 
36.71, and 8.32 respectively. 

The lower value of 6.51 for the standard deviation 

indicates a degree of dependency among the three elements. 
This essentially verifies a fact known from observation. 


j.e6 If a delay occurs on any leg of the trip additional 
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C. Inventory Model for Mormel™ Conditions 
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Inventory theory i 


is concerned with two dif: 
determiristic cases in which all demand and supply rates are fixed 
at constant velues and the probabalistic cases in which at least one 


component is variable in a probabilistic fashion. The most general 


case occurs when both a probabilistic supply function and a 


Answers to two main questions are generally sought; when to 


order and how much to order. Two main issues can exist if inventories 
are completely depleted; fulfillment of orders can be delayed giving 


rise to the "Back Order Case" or sales can be lost forever iving 


SS oo 


rise to the "Lost Sales Case". 
Competing costs involved in any analysis can include ordering 
costs that are generally related to the size of the order, carrying 


costs that are related to the lost opportunity cost, warehousing 


costs etc. anc lost sales costs that are related to the loss of 


profitability and goodrill. 

With this general background it is possible to turn to the 
specific case at hand. FIGURE 3 depicts the type an inventory 
situation that is being analyzed. The AOULOPAS points serve to 
clarify the bases for the model and also identify its limitations. 

~ The model is not typical of the classical inventory model 
due to the relatively long mean delivery time compared to the 


x : 
consumption rate. ieee line r indicates the reorder point 
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and T the mean travel time from tine of order to delivery 
at Beamer, Alberta ( = 38.7). days) whereas T is the time 
required to completely consume the contents of one ship (10 
to 2&8 days dependent on the rate chosen for analysus ). 
= The order quantity, Q, Us fixed at the value of one ship 
cargo by contract. Q is taken as a constant at 28,000 short 
tonse The small amount of variability in the sizes of ship 

- cargoes will not significantly affect the analysis. Also, 
since the quantity, Q, is constant the ordering cost is also 
constant end does not affect subsecuent analysis in the 
normal fashion. ise. It is included as part of the purchase 
cost of inventory and thus has an impact on carrying cost. 

~ A cycle is deemed to occupy time period Te ieee. The number 
of cycles per year are ecuivalent to the number of ships per 
Veare 

~ The supply function is probabilistic as shorm in the 
previous section. i.e. It is a normally distributed function 
with mean WL = 38.7) and standard deviation o@ = 6.51. Thus, 
on average the supply of Phosphate Rock will be replenished 
38.7). days after the order date has been fixed. Another s/u 
days (where s is the safety stock and u is the consumption 
rate) can pass before the inventory is completely depleted. 
The probability of a ship arriving after 4 + s/u Gays does 


y that a runout of Phosphate Rock 


will occur in any cyclee 


rise in FIGURE 3 of 28,000 short tonse This is an over 


Ssimplitication since: 
re Alia net ° ‘ 
- Unloading at Beamer cannot occur instantancously. 


~ .Arrival of Phosphate Rock at Beamer is in 8,500 short 
ton lots rather than 28,000 short ton lots. 
By using this simplification a simple formula can, however, 
. be derived for the average inventory I. The actual ficure 
will be less by 10,000 short tons ab most. (28,000 + 2 minus 
e 

8 ,5CO ~ 2) and thus merely adds a degree of conservatism to 
the mocele However, it is likely that use of the model would 
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~ The consumption rate or demand rate is shown as being 
linear, The actual consumption rate is probabilistic (iee. 
A function of demand for finished product) but can be taken 
as a constant for purposes of analysis. This is a result of 


the seasonal demand for finished product that necessitates 
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the carrying of large finished 
the cenand in eny quarter is simply the planned production 
rate for that quarter that is dictated by market predictions 
and is a constant or at least can be averaged for any 
particular quarter. 


The demandona daily basis will naturally be variable due 
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demand function. 

~ The model can be described neither as a pure "Back Order 
Case" nora pure "Lost Sales Case" due to the seasonal demand 
for finished product and also due to the cyclical demand for 
finished product over a longer time frame (6 to 10 years) 
ise. hen demand is such that all the product produced by 
the plant throughout the year can be sold and sold at a 
profit then any loss of production equates to the true "Lost 
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wales Case". Ilowever, when demand f 
less than maximum plant throughput then any loss of production, 
if not excessive, can be made up at a later time by running 
at higher ratese 

Costs incurred in the two different modes of operation 
will thus be different. In the case of maximum demand the 


costs will be large while in the case of low demand the costs 


fill be small. It is interesting to note that the costs in 
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the latter case are not necessarily sero since unscheduled 


chutdomms can have numerous unplanned va riable costs associated 


with them including poor energy and manpower utilization plus 
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the potential for mechanical damace that is more prevalent 
under shutdotm and startup conditions. 

In orcer to accomodate the two extremes that can occur 
the model was generalized by determining optimum inventory 
levels under a variety of shutdotm costse These numbers are 


3 


discussed further after the ¢ ievelopment of the mathematical 


model. 
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The basis for the model can thus be summarized as follows: 
Order quantities and ordering costs can be treated as constants. 
The supply function is probabilistic and shown to be normally 
distributed. The demand function is probabilistic but can 

be treated as a constant. The circumstances cannot be classed 
as a "Back Order Case" nor a "Lost Sales Case". A seneralized 
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solution can thus be obtained by treating u (the demand for 


ab) 


Phosphate Rock) and k (the lost production cost) as constants 
during any quarter but variable in the longer term. 


Model. Dev velopment 


Two costs ere considered to be important in the analysis. 


¢ Cost of Inventory (normally referred to 
as the Holding Cost) and Lost Production Cos t (normally 


referred to as the Stockout Coste) 


(1) Total Cost(TC)=Carrying Cost of Inventory(CC) + Lost 


Production Cost (LPC) 
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month and 714,000 short tons per year). 


ends June must be renesotiated as 


Such a penalty virtually 
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y opportunity to optimize inventory levels 


during times of lotr demand for finished products. 
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renegotiation till have to take place 
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was thus it is assumed that 


t ignored as 


enalty v 
® 
costs nentioned previously are constant 


reflected in the value of inventory and the 


Carrying Coste 
ssociated with wind losses and handling are both 


or simplicity. Inclusion would only tend to 


calculated Optimum Inventory Levels and thus 


adds a degree of conservatism to the results. 

costs increase with increasing levels of inventory. 
ion of the tyo costs being assessed is as follows: 
Cor 
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he Lost Opportunity Cost for other ventures of 


Using the Cost of Capital (r) to evaluate the Carrying Cost 


assumes that the corporation is not "cash poor'. ise. It assumes 


that other opportunities with comparable risk and higher returns 


are not being passed by due to lack of funds. 
(3) LPC = 345u \ Ik bea? 2) £(Odx 


2 wee : : , : 
This ecuetion in words says that the Lost Production Cost is 


equal to the probability of running out of Phosphate Rock in any 


the number of cycles in a yeareieee Equation (3) is composed of the 
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three elements described by equations (4),(5) and(4) that follor. 


(1,) Number of Cycles per year = 365u 


(5) Probability of the Cargo arriving on the Xth day = f(x) 


The probability function in this case has been shown previously 


to be Normal. 


(6) Cost of Running Out of Rock = ist (“* §}] 


Beyond day A+ s/u a probability of runout exists; hence the 
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‘Ore, a5 wells for x7 
+ s/v the expression in brackets gives the number of days for 
which a probability of stockout does exist. The constant k,. as 
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4 V- 4 Ie + _~ + 
previousty discussed, represents the daily cost of a runout 


Inspection of FIGURE 


average inventory, I. 


This expression is not completely valid for two reasons: 


~ Giscussed previously the inventory at Reamer does not 


KS: 


increase instantaneously by a value of Q. However, this 


simply adds a degree conservatism of between zero and 10,000 


short tons to the final determined optimum inventory level. 

~ Since the model plans for the inventory level to fall below 
zero at times the value determined by equation (7) twill be 
lower than the actual average level. This offsets to a 

degree the previously discussed error, however, the adjustment 
to be made is small and thus not worth consideringe 

For values of S$ end u of 36,000 short tons and 2,000 
short tons/da ay respectively (This value of S is shorn 


to be near optimum by subsequent analysis and the 


value of u of 2,000 is near maximum) the following 
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This probability is so small that it has no significant 
effect on the average inventory Level, Is 
Substitution of equations (2), (3) and (7) in equation (1) 


yields the following: 


(eS) 1G. = SC5r 
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Differentiating with respect to S and equating the subsecuent 
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to zero allows an expression to be found for the 
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optimum value of S and thus the optimum value of I.” The diff- 
erentiation of the integral is accomplished by making use of 


Liebniz! rule. 
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Now the integral of the density function is simply equal to 


the cumilative probability distribution function, F. 
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Substitution of knozm values in the richt 


this expression determines a value which can be used to 


obtain a value of 
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Where S and I in ecuations (11),(11) and 


optimum values of 5 and I. 


Z from Standard Normal Curve Tables, 


(7) in equation (11) yields: 
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For purposes of refererce and analvsis it was felt to be 
appropriate to use the above equations to prepare a generalized 
solution. This was accomplished by usine a number of values 


parameters in the derived expressions to produce a 
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num inventory levels versus plant demand rate at 
various lost production penalties. (,, r and Q are relatively 
invariant in the short term and were thus held constant. wu and 
| k were varied to obtain the desired results 

As discussed previously the cost of running out of Phosphate 
Rock (k) can vary from a very large value when the full plant 
capacity is demanded to a very small value when the demand 
for finished product is low (ise. less than plant capacity). 
The former costs can be simply determined by assessing the 
lost contribution to earnings that results from a plant 
shutdoim. (Product Netback minus Variable Cost). This cost 
will vary dependent on the market block in which the 
incremental tonnage is sold and the profitability associated 
with fertilizer sales at any point in time. The latter costs, 
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as previously discussed, are associated with the inability to 
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avoid variable costs with unplanned shutdowns and the greate 


potential for mechanical damage associated with shutdown 
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and startup situations. 


In order to determine a range of Lost Production Costs 


the current margins in the various market blocks bas sed on a 


weighted product mix using the Spring Financial Forecast for 
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1977 were determined. Based on thie analysis losses of 
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$10,000/day, $50,000/day and $20 ,000/day were assessed 
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they vould essentially encompass all demand and market block 


coneiderations. 
The plant demand (u) till normally be in the 2,000 short 
ton/day range. Plant demands of 1,000, 2,000 and 3,000 
short tons/day were used to develop the aforementioned 
graphs and encompass all ane demands of interest. i.e. The 
zero demand case is not of re interest. 
The results of the calculations are summarized in FIGURE 
lL. The following example serves to illustrate the methodology. 
= 10% 
= 26,000 short tons 


Us 3,000 short t tons/day 
k = S80 ,000/day 


Cefe Cp = $).). /short ton 
bi 
Q 


Substitution in equation (11) yields: 


From TABLE Z= 2.635 
Substitution in equation (1/,) yields: 
= (3,000) (6.514) (2.635) = 51,500 short tons 
Substitution in ecuation (7) yields 


T= 51,500 + 28,000 _ 65,500 short tons. 
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Tyo main "abnormal" conditions can potentially occtr.uhirst, 
the suppliers of the Phosnhate Rock may be reluctant to meet their 
commitments to Esso Chemical Canada if creater onnortunities for 
profit exist by supplying other users who are prepared to pay higher 
prices. Second, strikes can occur 
Neither issue is dealt with in a rigorous mathematical fashion. 
However, it is clear that a significant incentive exists to lower 
inventory levels from the present Level of 150,000 short tons to a 
level nearer 50,000 short tons ~ an incentive in the order of $500 ,000 
per year. Therefore, a strategy that is cognizant of both the optimum 
levels of inventory under "normal" conditions and "abnormal".conditions 
that can occur is appropriate. ~The, following 1s proposed: 
~ Inventory levels normally be maintained at a level dictated 
by the uppermost curve in FIGURE at the point of maximum 
plant capability. Under present conditions an inventory level 
between 15,000 and 55,000 short tons would be appropriate. 


Such a stratecy is conservative for NMnormal™ conditions 


due to the aforementioned model simplifications that added a 
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Rock inventory et Vancouver and handles the potenti 


damaging economic case (high lost production cost and high 


plant rate). 
~ The first "abnormal" condition (short supply) be handled 
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simply by monitoring the suj pply situation. This would include 


Led i Wig. » 


; iat : = ~~ r 
® i 
Fi 
ze htd ze Pi 
i rf + 3 
i . ' 
1 ~ = 5 
c a . 
i 7 F 
x } 4 " 
& “ 
he 
¥ —— 
¥ as 
> F 7 : 
: Ae 
. 
+ 
i « , i. ¢ 
“ 2 a 3 
; 
4 “ " 
i : ae . 4 
1 : 
Mi 
hb 7 
¥ ‘ _ “ 
> + = a 
i 
Se f aa a“, - 
sf “4 5 HN e ic 
c ia ~ a - 
s 2 
a i = ee 
5 . 
t " > — 
i be Pee ae 2 
oh" mi , 
oa ': ‘ ; 
i i < a 
\ 
‘ 
| 
, # 
: ~~ t. 
= Ms Crs a ’ 
“| 
F - , es 
i : é 
oa ® <i 
; i 
ki > ii | 
4 | & , 
: 7 
ry 
A 4 aS as 
F | : 
A Fok ahd Eek Fae 
: 2 dt am ia ied pt Gt a GP a 
i 
i 
sa 7 —s 
: ¥ 
- a - ; 
474 Tk v4 - : A} 
‘ o42 = oa ce ecrede. iat “12: 
7 , =) j 
7 _ 
v 3S 3} r “ ; : 
ie . 2 « ha 


pews 
Bhar s | 


rs» 


ie ) 
Pa 
ne Shelia 


fe 


being aware of suppliers inventory situations and the demand / 
supply picture for Phosphate Rock. Times of tight supply 
would coincide with profitable times for fertilizer products 
as well (ieee times of high demand) and thus dictate that 
Phosphate Rock inventory levels at Beamer be increased. 

Historical data from TABLE 2 indicates a general shift of 
twenty-three days for all ships during the critical period. 
Inventory management policy for normal conditions allows 
approximately fifteen days of delay of ships prior to a run- 
out condition occurring. Increasing inventory levels by the 
capacity of one ship would thus have virtually assured the 
avoidance of a runout condition. 

Thus it is probably appropriate to increase inventory 
levels at Beamer to 80,000 to 100,000 short tons prior to the 
commencement of a tight supply situation. 

The second "abnormal" condition (strikes) be handled by 
building inventory in the three month period prior to the 
expiration date of union contracts at Tampa or Vancouvere The 
level would be reduced to "normal levels when it became clear 
that a settlement had been reached at the port in questione 

Such a strategy involves building inventory annually in 
the October/November period and reducing inventory in the 
January/February/March period to accomodate the Vancouver 


contractse In addition the Tampa contracts would have to be 


accomodated every three yearSe 
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Again, a review of past data and the potential for the 
involvement of the Federal Government in any sustained strike 
would suggest an increase of 30,000 to 50,000 short tons (one 


or two ships) would be an appropriate increase. 
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A practical inventory model has heen developed that can be 


used as a tool for Inventory Management under "Normal" 


conservative fashion, indicates that the maximum optimum 
inventory level at Reamer is less than 55,000 short tons. 


RY 


Under conditions of low demand for finished product the 
optimum level is much less. 
A strategy of raising and Lowering inventory levels from 
theoreticel optimum levels prior to and after, respectively, 
union contract termination dates and the onset of "tight" 
Phosphate Rock supply periods can be employed to deal with 
"Abnormal" conditionse Such a strategy would increase the 
yearly average inventory to a level of 65,000 short tons 

The adoption of such a strategy would reduce current inventory 
levels by nearly 90,000 short tons and thus yield an annual 
saving of $500,000 based on a Phosphate Rock cost of $4 per 


short ton (FOB Reamer) and a Cost of Capital of 12%, 


The current contract with the CNR. must be renegotiated if 


the above savings are to be realized during "soft" market 


conditions for finished fertilizers. 
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CHAPTER 2 
ASSESSMENT OF THE STATIC OPTIMIZATION MODEL 
UNDER CONDITIONS OF CHANGING PRICE 

A. Background 

During the course of revietring the world supply of Phosphate . 
Rock in preparation for contract negotiations in 1977 it became apparent 
that the cost of Phosphate Rock was going to increase significantly 
over the next few yeard. (tee TABLE 9) As a result, the question 
arose as to whether there was an economic incentive to increase the 
take of Phosphate Rock to the maximum allowed by the contracts with 
Mobil and Swift. Testing of this approach essentially tests the 
previously developed static optimization model under conditions of 


rising cost for Phosphate Rocke 


ey A SB Aa ct 2 
B Alternative Strateries 
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Tio alternative strategies were considered to test the 


static model and are depicted in FIGURT 5. he first stratesy simply 


nvolves the cortinuous maintenance of en average Phosnvhate Rock 


on the previous optimums determined in Chapter 1, is rot optimum for 


FIGURE 5 At $50,000/day the actual 


all usage rate 
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optimums range from 25,000 short tons to 60,000 short tons and are 


thus less than 50,000 short tons on averagee As a result, the use 


of 50,000 short tons biases the comparison of the two strategies in 
favour of the second stratery thus providing a rigorous test for the 
previously developed optimum inventory level model. 


The second alternative strategy involves increasing the 


SCAU 


Phosphate Rock inventory level at Beamer from 50,000 short tons to 
550,000 short tons over a one year period and then consuming this 
Phosphate Rock until an inventory level of 50,000 short tons 

reached at some later time. Points A, B, C and D indicate the time 
required to reach the 50,000 short ton inventory level at respective 


ates of 685, 912, 1370 and 2732 short tons/day. 


plant consumption 


All are besed on no Phosphate Rock being purchased curing the run 


dorm periods. 


A figure 550,000 short tons is chosen for the second 


stratecy so that the comparison will be biased in favour of the 


: fy 


second stratery and thus provide a rigorous test for the previously 


developed optimum inventory level model. ieee If the second strategy 
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is sounc economically then the most rapid buildup that is possible 

will yield the highest return. A buildup to 550,000 short tons in 

a one year pericd thus enhances the second stratecy since: 
1. All the Phosphate Rock will be purchased at the minimum 
2 From a practical point of view it would be very difficult 
to build inventory levels by 500,000 short tons in one year 
due to the lack of storage capacity and the difficulty in 
scheduling such a large movement . 
The dashed curve in FIGURE depicts the rising cost of 


Phosphate Rock during the period under consideration. For simplicity 
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of analysis the incremerts during the period under consideration 


considered to be equal. 
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Ce The Feonomic Model 

In order to compare the two strategies the Present Value of 
the costs associated with each stratery are determined and comparede 
Three costs are considered to be significant — the carry cost 
associated with inventory, the actual purchase cost of the Phosphate 
Rock and the cost associated with lost profit due to a Phosphate Rock 
run out situation. 


The factors of greatest importance in an analysis such as 


a 


this are the opportunity cost associated with the carrying cost of 


inventory and the discount rate to be used in determining the present 
value of a future stream of costs. The opportunity cost was previously 
discussed and was shown to be the Cost of Capital. The discount rate 
to be used must be such that net present costs having a value of zero 


+ 


will cause the market value of the firm to remain unchanged. Therefore, 


Formulae for determining the present values of Carrying Cost 
and Purchase cost can be determined by direct inspection of FIGURE 5. 
The derivation of a Carrying Cost formula in each case simply involve 
determining the average inventory level maintained in each period, 
multiplying it by the cost of the inventory and eect the Cost of 
Capital to quantify the opportunity cost and to discount the period 
cost to the present. The present values of the costs of each period 


are then summed to determine the total present value for a particular 


strategy and consumption rate. 
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€ege u = 1370 short tons/day 
Second period (Mid 1977 to Mid 1978) 


Average Inventory = I* + T 
2 
Cost: of Inventory =.¢, 


Present Value for Period = (2 = z (oie Visa ) 


The derivation of a formula for Purchase Cost in each case 
pinpl yinvolves determinine the amount of Phosphate Rock purchased in 
each period, multiplying it by the cost of Phosphate Rock for tha 
period and applying the Cost of Capital to discount the period cost 
to the present. As with Carrying Cost the present values of each 
period are then summed to determine the total present value for a 
particular strategy and consumption rate. 


oe 


Cefe u = 1370 short tons/day 
Third period (Mid 1978 to Mid 1979) 


Rock Purchased = 365u 
Cost of Purchase = C3 


Present Value for Period = 365u a 
Ge) 


The Lost Production cost is determined by evaluating the 
following ecuality developed in Chapter l. 


oo 
(3), Lpe = 365u k c - (a + s/f (Oiaz 


u 
= 
ft 


thus once 


strabesy. 


referring 


The value for k was chosen to be $50,0CO/day for all cases 


again biasing the comparison in favour of the second 


The integral was evaluated in the following manner: 


1, A table of velues for the function f(2) was determined 


18 i 


from Normal Tables” so that the probability of a trip 


exceeding the mean trip time by any daily increment could 
be determined. (See TABLE 18) 
2e The expected cost for any runout situation was then 


determined by multiplying the daily cost by the runout 


probability and summing all the daily costs. 


GeSe If s = 30,000 short tons 
u = 2°000 = short tons/ /aary 


No probability of runout exists until after the 15th day 
(s/u = 15). 
Expected Cost = 80,000(.002/,) + (2)(80,000)(.0016) 


+(3)(80,000)(,0011)+ - - — = = $2720/trip 
The results of these calculations are summarized in TABLE 19. 


The Lost Production Cost can then be obtained by simply 


= 2732 short tons s/day 
Third period (Mid 1978 to Mid 1979) 
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I = 20 CS short tons 

bad . / ‘ 5) 
8 = I = 0/2 = 36,000 short tons 
Number of Days beyond mean trip time 
: 


eyond which a probability of runout exists 
= zr 

= S/a = 13 

“, expected cost/Trip = $5888 (from TABLE 19) 


~~ 


Number of Trips/Year = 345u _ 35.64 
Coan ainguons oe 


*,Anmial Cost’= (5888)(35.6) = $210,000 
The present value is then determined by applying the 


discount rate in the normal fashion. 


Application of the above methodology thus led to the 


development of the following formulae: 
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a) GCarrving Cost 


b) Purchase Cost 
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c) Lost Production Cost 
= Of o/ 0/ 290,000 
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a) Plant Rate of 685 short tons/day (4) 


(4) Carrying Cost 


= TRL rC, 2 WT eZ 65 née” AG) , (agent C | 
oe be 2 ] iw z (Ltr \* 


(ii) Purchase Cost 
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1270 short tons/day (C) 
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Lost Production Cost 
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Plant Pate of 2732 short tons/dex (D) 
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The analysis in each case was carried out over a three 


year period commencing in mid 1976, 


se of illustration the follo:rine variables were 
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0,000 short tons 
I = 50,060 short tons 
yee ee 
Values for C, , Cs and u were alloted to vary so that a plot 

of cost differential between strategy 1 and stratesy 2 versus Phosphate 

Rock price increase (Ce~ C, or C3— Co ) at different plant consumption 

rates could be determined. The results are summers bed in TABLE 1O and 

FIGURE 6. 


To test the sensitivity of the results the Cost of Capital, 
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r, was varied from 10 to 15% with all other parameters held cons 
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developed in Ch 
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1. The static optimization model 
used with confidence if Phosphate Rock prices (708 Beam 
increasing at an annual rate of less than $10. “he model is thus 
suitable for the foreseeable future since prices are vredicted to 
increase by an annual amount of five to six dollers. (TABLE 9) 
2e Two valid reasons exist for maintaining high inventory levels 
Esso Chemical Canada's bargaining 


wnta! Sune 30,4977. 
Such a strategy improves’ 


a) 
position with Phosphate Rock suppliers. 
The prohibitive penalty associated with the CeNeR. contract. 
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CHAPTER. 3 
ALTERNATIVE SOURCES OF FUTURE PHOSPHATE 
ROCK SUPPLIES 
Ae World Supply 799 ~ 
Phosphorous is the twelfth most abundant element in the 
earth's crust. Estimated world reserves of Phosphate Rock total 110 
billion short tons with 85% located in Morocco, UeSehe and UsSeSeRe 
About 50 billion tons are recoverable using present methods ~ enough 
to supply the world demand for 500 years based on current world 
consumption rates. TABLE 11 summarizes total world reserves by area. 
TABLE 12 summarizes total world recoverable reserves by area. TABLE 
13 summarizes predicted area production capabilities in 1978. 
A brief description of Me neteel suppliers follows: 
Morocco, based on its recoverable reserves and quality 
of Phosphate Rock is the most important Phosphate Rock 
producing area in the world today. Production capability 
is not high in comparison with recoverable reserves but 
expansion plans are in progress — mainly long term joint 
ventures with the U.eS«Se Re Costs, F O B Beamer, Alberta 
are high in comparison to alternative comparable supplies. 
(+ $30/ short ton) 
Ze Usdedelte 
Russia will not contribute to the expanding world 


markets since its own needs, and those of its satellite 
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countries, will exceed its productive capacity ~ thus its 
interest in a joint venture with the Moroccans. 
Spanish Sahara 

The controversy with Morocco over onmership continues 
and the outcome remains in doubt thus making securzthy tot 
supply questionable. As with Moroccan Phosphate Rock 
costs, F 0 B Beamer, are not competitive with alternative 


suppliers. 


U.ecA. 


Production capacity suitable to meet projected demand 
will be available in both the Southern and Western U.S.A. 
in the foreseeable futuree The cost of Phosphate Rock 
from either source (F O B Beamer, Alberta) is less than 
comparable Phosphate Rock from anywhere else in the world. 
The security of supply from either source is, as well, 
better than from any other world source. 

Phosphate Rock from the Western UeSeAe is not as good a 
quality as Phosphate Rock from Florida, UeSeA. but has 
both a cost and logistical advantagee A comparison of the 
two supplies will be the subject of the next section of 
this papere 


Other 


All other Phosphate Rock sources are suitable for "spot" 


purchases only due to cost, security of supply or stage of 


development considerations. 
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6. 


Summary 

All the information available points to the U.S.A. being 
the only logical supplier of Phosphate Rock to Western 
Canada in the foreseeable future. Adequate reserves exist 
to last for at least 25 ~ 30 yearse Development plans 
indicate that supply will meet or exceed demand in the 
foreseeable future. Costs, F O B Beamer, are less than 
from any other world sourcee Security of supply is second 
to no other potential supplier. The only question left 
unresolved is the choice between Western and Florida 
Phosphate Rock and is the subject. of the next section of 


this chaptere 


ace ijk ai et 


’ eshte = ris Phat ely tahoe: 


Satie waist vs shag: are sf _— 
| tigi | ison oe ia oe - — 

e | mL ent | aaa el eet sitio <a ’ s oi ty 
hod estate sae becpcroehh! ine h 


A | | Gorm a i, es wate 


ia = 
: ie * 
; r 7 ~ al ha 4 
ft | 


F bt faa cP od “ 
23 5 


Pp T feetharn Te Ragone my Orie ta Prosn! hete Pock 


ARONA NR CH poaiienies tceeatinvoaes rai See biota omattne sensi cena 


a} 


A 4 s s ' n 7 
TARLE 1), summarizes the predicted costs for Phosphate Rock 
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from the two alternative suppliers (FOB Be 
a 4 x 23% 


mer, Alberta). An apparent 
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incentive to stitch to "estern Phosphate Rock exists in the near term 
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but a number of neralties exist with “Mestern Phosphate Rock and must 
see ae ee ya ‘ 1 ; Case Bye 

be assessed before any final decisions can be made. 


tern Rocke 
Firstly, the cost is less. Secondly, since the number of links in the 
supply chain are fewer the varience of the supply should be less thus 


allowing the maintenance of lower inventory levels 
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A number of disadvantages are also associé 
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to Western rock. Firstly, Western rock is) finersand thus sand losses 
will be greater. Secondly, plent maintenance costs with Yestern rock 


are higher due to the increased scaling tendencies or Western rock. 


Thirdly, phosphorous losses are higher with Western rock due to the 


poorer digestive characteristics. Fourthly, it is unclear, at this 


point, if prices for Western rock are on an equivalent basis with 
Florida rock and a penalty may thus exist there as well. Fifthly, 
filterability of Mestern rock crystals is only 60 - 70%-0f Florida 


rock filterability thus reducing effective maximum plent throughputs 


by 30 == LO re 
The balance of this paper is concerned with assessing the 


° : Rav os Dy C Seen 
total impact of the penalties and incentives based on potential changes 


. s r $f Woet le tz; 
from the previously established optimum inventory if Western rock was 


usede The capacity penalty is ign 


+ 


ui | ae ean 
5 7 1 

_ j } 

7 4 

iy = 
1 
; 
, 


Yo 5, aanradial 
nT + ee ay site ' 


ey), Sime. ae Pee ls obeeeeal ae ‘ “a iontne, as 


oy 


il ; Nida a ta : ‘. oa <e 


wat cuts) 2 aris Retr 2 oe oe Sean ae 
= ur a 


ROG! = 280s) Coe Je 
t 


pa: pete l. pnteaes* ie abies Sines mig 
are! it Ree es ae : Ls aa a etihia ts ce a elgolin ‘a 
Beis 3F4: a: a ; abe gots iS 4 span aia pares a 
tiene Teh inet alas eee se ake hehe sae  gadbeurne® 


: poet s 


watt tetotdd tp Sebel rae oe ae a aa 


uy 


pe oC wee. mss P ine ee ee oe 
- at oo ie age i fA. ya See fi tk. oa 


; 5 
>) 1 *, UJ « 
= 2 i woe -\< > Tes ee = 
—-" re $7'Mis @ @ are 5 
a 
ae it A, re Gore ae 
nt : ’ el ab ee eG! 52 j 
> 


oe Ben ree 6 
: vy rk.) 7 : 
vr Mi i ; a oy i 
vv) sn, 7 se > 
. _. > ter ren . 
7 oe 
' ; 1) 
>. 


| y ; ; s] 
SEI Bee Ce Ge ees tals: ea hivietie Riba! 
; ; oi % ie Vall Sa - 
A ae 


’ ee, ae we eo 
mis patents Stink st ~ aoa fa bs Aachen " 5 Sake anit a 


*s ; ef. , 
MS sleaeoste 4é> ieee ak A 


_ sta eteaihiahe re inaled ‘sav Boi 


ao 


fs j 
an te Ses Fo Porn A 


in a cepressed market situation and since determination of the over 


all incentive exclusive of the cavacity penalty establishes a basis 
for justification of plant changes to eliminate the capacity venalty. 
Costs and penalties are, of course, not rigidly established at this 
point and the folloving analysis is therefore only a first pass in 


the cecision process, 
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The standard deviation of trips from Vancouver to Beamer 


68 days, compared to a total trip standard deviation of 
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6.51 days. The trip from the Western U.S. to Beamer is 

naturally shorter than the Florida trip and includes fewer 

links in the transportation chain. However, it is doubtful 

that a standard deviation of 3.68 days can be achieved for 

trip times since three railways are involved and the potential 

for unit train movement is unknorm at this time. For purposes 
way 


rsis a standard deviation of 4 days with a mean of 15 


days is chosen in order to determine the minimum possible 


inventory level that could be maintained at Beamer. Completion 


of an identical analysis to the analysis carried out in CHAPIER 


1 indicated that an inventory level at Beamer of 36,000 short 

tons of Western Rock would be comparable in risk to an invent— 

ory level of 50,000 short tons of Florida Rock at Beamer. 
Therefore, it is indicated that the most optimistic 


ssessment of improved risk with Western Rock allows an 
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inventory reduction of only 14,000 short tonse However, the 
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need to build inventory to negate the impact of strikes would 
be avoided. Also, the demand for Western Rock will not be 
nearly as volatile as with the Florida Rock since offshore 
supply chains are not existent and will generally remain nor= 
existent. 

A strategy of inventory buildup with Florida Rock to 
80,000 short tons in November/Decmeber and subsequent reduction 
to 50,000 short tons upon contract settlement actually yields 
an average inventory level at Beamer of 65,000 short tons. 
Thus further analysis is based on average permissable inventory 
levels of 65,000 short tons and 36,000 short tons with Florida 


and Western Rock respectively. 
7} 


2e Maintenance Pees 

Experimentation with Western Phosphate Rock and 
discussions with other users of Western Rock indicate that 
maintenance costs will increase by $0.50 — $1.75 per short ton 
of Phosphate Rocke 


22 
3. Wind Losses 


Two per cent more Phosphate Rock is expected to be lost 
due to wind action with Western Rock. This equates to $0.80 
per short ton of Phosphate Rocke However, losses are directly 
proportional to the amount of outside inventory and lower 


Western Rock inventory levels will offset this cost. The 


inventory change actually results in a credit of $0.08 per short 


ton of Phosphate Rocke 


D1; 


4 Phosphorous Process Losses 

Plant tests indicate that an increased loss of tuo per 
cent is anticipated. This equates to $0.80 per short ton of 
Phosphate Rock. 

5. Carrvyine Cost Reduction 

An inventory reduction of 29,000 short. tons results .in 
a carrying cost reduction of $0.30 per short ton of Phosphate 
Rock ascd ona Cost of Capital of 12% and Phosphate Rock cost 
of $4 per short ton. 

In order to assess the impact of the various penalties 
over the next three years each penalty was escalated in an 
appropriate fashion. Maintenance costs were escalated at &% 
per yeare All other costs were escalated on the basis of 
changing Phosphate Rock pricese The total penalty escalation 
is summarized in TABLE 15. TABLE 16 summarizes the incentives 
that exist to change to Western Rock. Both tables are exclusive 
of rate considerations. 

This analysis indicates that no incentive exists to change 
to Western Rock until 1979. If Western Rock was used in 1979 
and 1°80 and the plant was debottlenecked to 830,000 short tons 
per year cash flows of $2,042,000 in 1979 and $3,528,000 in 


1980 above what would be achieved with Florida Rock would occur. 
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1. Wo apparent incentive exists to ewitch to “"estern Rock in 


LO FPOLMIE Tee 

2e Consideration should be riven to securing. Florida Phosphate 
Rock contracts for the immediate future with a view to securing 
Western Phosphate Rock contracts in the medium term. Also 
consideration should be given to debottlenecking the plant to 


reat 


‘handle “estern Rock at capacity by 1980. 


The above conclusions are, of course, based on the best 
available cost data today. Further plant testing or a more 
detailed review of the costs of other users of Western Rock 
could change the maintenance and loss penalties. More critical, 
however, is the grade comparability. The standard deviation 
used for Western Rock trips was quite subjective and assumed 
that unit trains were not available. Much additional work is 
recuired to firm up the transportation mode and the attendant 
stendard deviation for the travel time as the impact on costs 
is significant. However, the data is of a high enough quality 
to indicate that no great incentive exists to change to 


Mestern Rock-in the short term unless lower prices can be 


negotiated for Western Rocke 
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CHAPTER 1, 
GENERAL CONSIDERATIONS 

The analysis has indicated that a significant incentive 
does exist to maintain Inventory levels at more optimim levels. The 
data and discussion have indicated desirable levels that should be 
maintained in "normal" and "abnormal" times. The incentive and amount 
of effort required to continually monitor and regulate inventory 
levels dictate a definite resourcing committment is reavired. To date 
a good deal of effort has been invested in the day to day management 
of the various contracts, the scheduling of Phosphate Rock shipments 
and preparatory work for the preparation of new contracts in 1977 by 
the Toronto Supply Group. The work carried out has been excellent 
and the work load was obviously not small. If the proposals made 
earlier are worthy of additional effort then the Toronto Supply Group 
must determine if the additional effort can be readily handled by the 
existing force or if additional resourcing is required. Consideration 
should perhaps be given to computerization of the methods employed 
previously. Such an effort would potentially reduce the need for 
sustained additional resourcinge 

Cost accountability for Inventory Carrying Costs are not 
clear or at least not explicite It would be worthwhile to make them 
explicit in the cost statements of Agricultural Chemicals. This could 
presumably be done very simply by determining the Cost of Capital on 
a regular basis or even using a constant figure such as 12% and 


applying it to the average inventory level maintained at Beamer. ice. 
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It is a true cost of operating and should be stewarded to by the 
personnel responsible for managing the Agricultural Chemicals 
Operations. 

The maintenance of relatively large Inventory Levels at the 
present time is reasonable since contract negotiations are in progress 
and no guarantee exists that new contracts will be in place on June 
30, 1977. Thus a high level of inventory does improve Esso Chemical 


Canada's bargaining position. 


CHAPTER 5 
SUMMARY AND CONCLUSIONS 
The purpose of this section is to summarize all the 

conclusions drawn in previous sections thus ensuring consistency 

and also to act as a comprehensive summary for the reader. 
le It is doubtful that an incentive exists to move away from 
Florida Phosphate Rock in the short term (1977 and 1978). 
Certainly with the exception of Western Phosphate Rock no 
competitive suppliers exist anywhere else in the world. 
Western Phosphate Rock is very worthy of consideration as a 
source of supply commencing in 1979. In order to make such a 
decision additional work is required in the following areas: 
a) Better definition of costs associated with running Western 
Rock at Beamere 
b) A clear definition of the facilities required together with 
the Capital Investment which would allow plant capacity to be 
increased to a level such that plant rates would be equal with 
either Western Rock or Florida Rock. 
ec) Better definition of future costs of Western and Florida 
Phosphate Rock on a comparable Phosphorous content basis. 

It is recognized that a lot of effort has been put into 
these areas in the last two years and is continuing in 
preparation for new contract negotiations. The comments are 
included here simply for reasons of completeness. 


2, Building Inventory Levels as a result of anticipated future 
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orice increases does not make ecoromic sense unless the cost 


ra 


(FOR Beamer) is increasing by at least ten dollars per short 


ton ennuelly. Predicted price increases over the foreseeable 
future thus do not dictate an inventory buildup volicy as 
being appropriate. An increase of ten dollars per short ton 
of Phosphate Rock is a significant increase - it represents 

a 53% increase in the price of Florida Rock in 1977. 

3-e Under existing or similar contracts normal average inventory 
levels should be maintained in the 50,000 short ton range with 

a view to increasing and decreasing levels prior to and sub- 
sequent to, respectively, any contractual periods associated 
wath dock workers at Tampa or Vancouvere The actusl levels to 
which inventory should be increased during contractual periods 
is naturally based on judgment and the most current information 
from informed sources familiar tith the potential for strike 


action. Historical information and a jucgment as to the likely 


an increase 
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mood of any Federal Government would sugges’ 
to the 80,000 to 100,000 short ton range would be appropriate. 
lhe The management of Phosphate Rock Inventory has a high 
incentive associated with it ($500,000 per year) and therefore 
should be resourced properly and accountability established 
in a proper fashion. 

Resourcing requires a review by the Toronto supply Group 
ot additional resourcing is appropriate 


to determine whether or n 


in the short or long term. 
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Cost accountability is best handled by having the Carrying 
Cost appear in an explicit fashion in the cost statements of 


Agricultural Chemicals. 
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APPENDIX 1 
CALCULATIONS OF MEANS AND STANDARD DEVIATIONS 
FOR TRIP DURATIONS 


The data from TABLES 2, 3 and was combined to determine 


total trip times for each of the nineteen trips. Formula used for 


the calculations Fe ee: ? 
19 
49 
Cae 


TARLS 5 summarizes the intermediate calculations. TABLE 6 


summarizes the values oes and go” calculated for each tripe 


TABLE 1 
SUMMARY OF CONTRACT TONNAGE OBLIGATIONS 


ws 


CONTRACT ECC OBLIGATIONS SECOND PARTY PENALTIES PAYABLE 


(SHORT TONS/YEAR) | OBLIGATIONS BY ECC FOR TONNAGE 
(SHORT TONS/YEAR); BREACHES 


($/SHORT TON) 


MOBIL 50% (+ 5%) OF 
REQUIREMENTS 


NO MINIMUM 


UP TQ 400,000 


50% (+ 5%) OF 
REQUIREMENTS 
NO MINIMUM 


UP TO 400,000 


UP TO 1,008,000 


STAR 
SHIPPING 


- 190,000 UNTIL AS REQUIRED BY 


OTHER CONTRACTS 


NEPTUNE 
TERMINALS 


TONS REACHED 


- UP TO 816,000 0.85 
- UP TO 916,000 


WITH NEGOTIATION 


- 51,000/MONTH 
-714,000 


Source: Five Contracts described in Bibliography 
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TASER: 2 - 
SHIP ARRIVAL TIMES AT TAMPA, FLORIDA 


VOYAGE PLANNED ARRIVAL | ACTUAL ARRIVAL DIFFERENCE 
DATE DATE (DAYS) 


. 4/74 Jan. 2/75 
Dec. 18/74 Jan. 21/75 
Jan. 1/75 Jan. 19/75 
Jan. 15/75 Feb. 6/75 
Jan. 29/75 Feb. 20/75. 
Feb. 5/75 March 3/75 
Feb. 19/75 March 7/75 
March 7/75 April 5/75 
March 19/75 — April 14/75 
April 2/75 April 22/75 
May 7/75 May 26/75 
May 21/75 June 3/75 
June 4/75 June 29/75 
July 15/75 Jule / 75 
Aug. 10/75 July 29/75 
Aug... 25/75 Aug. 13/75 
Sept. 5/75 Sept. 10/75 
Qct.. 46/75 CCE Li / 75 
Nov. 10/75 Nov, b/75 
Nov. 20/75 Nov. 29/75 
Dec. 20/75 Dec. 23/75 
Dec. 31/75 Dece 3/75 
Jan. 13/76 Jan. 8/76 
Jan. 28/76 Feb. 2/76 
Feb. 9/76 Feb. 5/76 
Feb. 14/76 Feb. 19/76 
Feb. 26/76 Feb. 24/76 
March 15/76 March 18/76 
March 23/76 March 30/76 
April 2/76 | April 4/76 
April 16/76 April 17/76 
Oct. a/ 20 Oct. 4/76 


Source: Esso Chemical Canada Plant Records 


») - 
epee Sot 
. mi abs ee ; 
hese bet ae a y % 
WV ~ , " > : 
} ' 1 Page La Le 
2 ae ad) e. : f 
} ot } s be Se. een 31 f be a 
} iF < ‘ , . ar] ; 
P 7 , - ni | y 4 a ry ~ 
he We ‘ UA OLE im Pe 
: : ds par r Bat ch ee - 
. f pw | ey “ ; M4 
: i ms i 5 i = ee 
ty a ee \ 
is x 


 @ne ; 


1% > ant 
Vee J Me? a 


Rp, 


3 
haraee 


’ —_ bent) @ 


. vee . 


SS ae 


vee easy 


raga 


i. ri Fe | Pan 


PR ae vera! cb Binet i i 


% 
‘ B Pm 1% at W ; j : =) 
NOt AMT, 1) ae 
: wok: th } Dar ‘  R 
PA Vern ata kts, }: : : 
m 5 Te ; 
ie Val : ; rs 
A ae i i - = ; 
. eS oa. | ran 
Le oy OP 
~ ai i ht tas 7 ; Ty 
OLS, Ate Dt Ieee fF 
. nF ’ on ‘ D 
an ih 7 Cas 9 
or ¢ ‘ i at 
H ” vr. lon - 
; ¥ q a é 
} t 4 oy a 7 


se ee ee on es iia ons 
7 or : 
<x ’ ~ 7 = 
Pon ‘ 7 
ae 


we 


) az 


6h, 


TABLE 3 
ELAPSED TIME - LOADING COMMENCEMENT AT TAMPA TO UNLOADING 
COMPLETION AT VANCOUVER 


VOYAGE DURATION (DAYS) 


Esso Chemical Canada Plant Records 


Sources 
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TABLE 4 
ELAPSED TIME - LOADING COMMENCEMENT AT VANCOUVER TO 
UNLOADING COMPLETION AT BEAMER 


PSEUDO VOYAGE 


DURATION (DAYS) 


100 | 20 
10] 9 
102 | 8 
103 13 
104 18 
105 18 
106 15 
107 16 
108 13 
109 1] 
110 11 
111 15 
112 23 
113 WW 
114 17 
115 17 
116 19 
LW | 20 
118 16 
119 2 
120 1] 
121 15 
eee | 15 
123 13 
124 ie 
125 12 
126 12 
127 12 
128 ie 
129 13 
130 22 
131 23 


: an a + Pe ds 
Source: Esso Chemical Canada Plant Necorcs 
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TABLE 5 


INTERMEDIATE DATA FOR MEAN AND STANDARD DEVIATION CALCULATIONS 
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TABLE 2 


Fes TABLE 4 
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257% Ag 

17 289 27 (es 
Nye 289 28 784 
17 289 30 900 
19 361 46 2116 
20 400 59 152] 
16 256 45 2025 
12 144 45 2025 
1] 121 og 1521 
Lie) aes 38 1444 
16 G25 4) 168] 
is 169 4} 1681 
liz 144 32 1024 
iv 144 oF 1369 
i 144 3] 961 
4 144 37 1369 
WZ 144 43 1849 
is 169 43 1849 
22 484 49 2401 
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TABLE 6 


MEANS AND STANDARD DEVIATIONS FOR TRIP DURATIONS 


STATISTIC | TAMPA ANNUAL ITAMPA-VANCOUVER] VANCOUVER-  |TAMPA-BEAMER 
BE 
ane (DAYS) 


Mean ( ) 


STANDARD 
DEVIATION 
(o) 
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TABLE 7 ° 


GOODNESS OF FIT TEST DATA 


ey eee ae ee ee ae 
ACTUAL | NORMAL | AREA | AREA AEEGT BG 


TRIPS |) DEVIATEVTOL PER OF CLASS FREQ. 
OF x | INTERVAL (5) x19 


Te £, - fe 


sO90) teCOOT Sal ey 21 Oro 
.23e/ |. J1426 CAAT, VORA Tay 
01604 32833 DSO 81 -Uaico 
FIO) 32750 Sees |e kas) 
~9429 | S1519 Ceol atece | 
1.0000} .057% 1.08 |-1.08 


1.9000) 31900 


DEGREES OF FREEDOM = 6-1 = 5 
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TABLE 8 


PROBABILITY DATA FOR TRIP DURATIONS FROM TAMPA TO BEAMER 


out THAT 
ACTUAL TRIP TIME IS POSITIVE DEVIATION FROM MEAN TRIP TIME 
LESS THAN POSITIVE 


: TAMPA TAMPA TO | VANCOUVER TAMPA TO 
Pees VALUE ARRIVAL VANCOUVER | TO BEAMER BEAMER 
D (DAYS) (DAYS) (DAYS) (DAYS) 


0.84 


0.9772 
0.9987 
0.99997 
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TABLE 9 


PREDICTED PHOSPHATE ROCK PRICES TO 1985 


TIME PERIOD COST FOB MINE 
($/ST) 


TOTAL COST 
($/ST) 


LOGISTICS COST 
($/ST) 


MID 76-JUNE 30/77| 13.50 

BALANCE OF 1977 16 
1978 20 
1979 22 
1980 26 
1985 Geet 


Sources Hryciuk, Ray Be; Esso Chemical Canada Supply Group 
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TABLE 11 


WORLD RESERVES OF PHOSPHATE ROCK 


RESERVES (MMMST) 


Africa (Excluding Morocco) 


South America 


Europe & Near East (Excluding USSR) 


Total 


Source: Hryciuk, Ray Be; Esso Chemical Canada “orld Phospvhate Roclr 
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TABLE 12 


RECOVERABLE WORLD RESERVES OF PHOSPHATE ROCK 


AREA RECOVERABLE RESERVES (MMMST) 


Morocco } 40.0 
U.SiA® | 5176 
LES ra 8 3.5 
Africa (Excluding Morocco) 2.5 
South America 


0 

Europe & Near East (Excluding USSR) 0.2 
|Asia 0 
0 


Oceania 


Total 52.5 
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TABLE 13 


WORLD PHOSPHATE ROCK PRODUCTION CAPACITY (1978) 


AREA PRODUCTION CAPACITY (MMST) 


UTS TA. 
Southern 
Western 


UsSe sek. 
Morocco 
Tunisia 

Ocean, Nauru 
China 

Togo 

Senegal 
Christmas Island 
South Africa 
Spanish Sahara 
Egypt 

Algeria 

Jordon 

Israel 

Syria 
Australia 

Peru 

Other 
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TABLE 14. 


FUTURE PHOSPHATE ROCK COSTS (FOB BEAMER) 


FLORIDA 
($/SHORT TON) 


WESTERN 
($/SHORT TON) 


Source: Hryciuk, Ray Be; Esso Chemical Canada Supply Group 
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TABLE 15 


PENALTIES ASSOCIATED WITH USING WESTERN ROCK 


PENALTY AREA COST OF PENALTY ($/SHORT TON) 


MAINTENANCE 
PHOSPHOROUS LOSS 
WIND LOSSES 
CARRYING COST 


TOTALS 
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TABLE 16 


INCENTIVE TO CHANGE TO WESTERN ROCK 


COST ($/SHORT TON) 


1977 1978 


44 46 56 
46 47 63 
ari 2.3) Ceo 
(2517) (a. 35) 4.25 
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TABLE 17 
HISTORICAL INVENTORY LEVELS 


NEPTUNE 
(SHORT TONS) 


7500 
38000 
38000 
38501 
39116 
26100 
28384 
27000 
14882 
23490 
25764 
18000 
33000 
41000 
18500 
19000 
38000 
21000 
2i2o5 
24904 

622 
20846 
48166 
23542 


ESSO CHEMICAL CANADA PLANT RECORDS 


BEAMER 
(SHORT TONS) 


113350 
104337 

77300 
106750 
120163 
115000 
230900 
213000 
194823 
176718 
16058] 
140000 
120000 
114000 
171000 
185000 
210000 
214000 
162382 
152570 
168285 
WSs632 
151865 
154133 
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TABLE 18 
MAD A bey Mrs WIT ag.) RMINO r 7 A 7 
PROPABILITY THAT TRIP TIME EXCEEDS THE MEAN 
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FIGURE 1 
PHOSPHATE ROCK SUPPLY CHAIN 
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FIGURE 2 
HISTOGRAM FOR TRIP DURATION FROM TAMPA TO BEAMER 
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FIGURE 3 
INVENTORY MODEL ILLUSTRATION 
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FIGURE 4 
OPTIMUM INVENTOTY LEVELS VS DEMAND FOR PHOSPHATE ROCK 


AT VARIOUS DAILY PENALTIES 
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FIGURE 6 


NET PRESENT COST OF STRATEGY 1 LESS STRATEGY 2 VS ANNUAL INCREASE 
IN PHOSPHATE ROCK PRICES AT VARIOUS PLANT CONSUMPTION RATES 
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FIGURE 7 


SENSITIVITY OF FIGURE 6 GRAPHS TO CHANGES 


IN THE COST OF CAPITAL 
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